Abstract. Oxymatrine (OMT), a monosomic alkaloid extracted from the Chinese herb, Sophora flavescens Ait, has long been used as a traditional Chinese medicine for the treatment of inflammatory diseases. The aim of the present study was to investigate the potential anti-inflammatory effect of OMT, and its modulation on imbalance between regulatory T (Treg) cells and T helper (Th) 17 cells in rats with collagen-induced arthritis (CIA). Sprague-Dawley rats were immunized with type II collagen and following a second collagen immunization, the rats were treated with OMT or dexamethasone (DXM) intraperitoneally once a day for 43 days. Paw swelling, arthritic score and joint histopathology were evaluated. The Treg/Th17-mediated autoreactive response was assessed by determining serum levels of inflammatory response cytokines, including tumor necrosis factor (TNF)-α and interleukin (IL)-17, using an enzyme-linked immunosorbent assay. The mRNA levels of forkhead box P3 (FOXP3) and retinoic acid-related orphan receptor (ROR)γt in spleen cells stimulated with type II collagen were determined using reverse transcription-quantitative polymerase chain reaction analysis. In addition, the protein expression levels of FOXP3 and RORγt were measured using western blot analysis. The results showed that OMT treatment significantly reduced the severity of CIA, markedly abrogating paw swelling, arthritic scores and synovial hyperplasia, and the increased loss in body weight. OMT significantly reduced the production of TNF-α and IL-17A, upregulated FOXP3 and downregulated RORγt in rats with CIA. In conclusion, the present study demonstrated that OMT exhibited a protective effect on rheumatoid arthritis (RA) through the inhibition of inflammation and regulation of Treg/Th17 in the CIA rats, suggesting that OMT may be used as an immune suppressive and cartilage protective medicine in human RA.
Introduction
Rheumatoid arthritis (RA), a common and systemic autoimmune disease of unknown etiology, leads to chronic progressive and aggressive inflammation in the synovial joints, with subsequent destruction of cartilage and erosion of bone in the affected joint, which causes severe disability and increased mortality rates (1, 2) . In RA, inflammatory cells, including natural killer cells, T and B lymphocytes and neutrophils, infiltrate the synovial membrane, contributing to cartilage and bone degradation (3) . Among the proinflammatory cytokines, tumor necrosis factor-α (TNF-α) and interleukin 17A (IL-17A) are expressed at high levels in the rheumatoid joint and are important in the mechanisms underlying the inflammatory response (4, 5) . These cytokines, produced by CD4 + T helper (Th) cells, and CD4 + T cells are important in the inflammatory process via their cytolytic activities, and the production of pro-and anti-inflammatory cytokines, which regulate immune responses. CD4 + T cells can differentiate into Th1, Th2, Th9, Th17 or regulatory T (Treg) cells, depending on the cytokine secretion and expression of specific transcription factors (6) . Th17 cells were identified in 2005 based on their ability to produce IL-17A (7, 8) . CD4 + lymphopenia in patients is usually caused by diseases, including RA (9) (10) (11) . Among the identified T cell subsets, Th17 and Treg cells have gained increasing scientific interest and have been extensively investigated in several autoimmune/inflammatory disorders (12) (13) (14) (15) . Pathogenic Th17 cells are key in the development of RA, which mediate pannus growth, osteoclastogenesis and synovial neoangiogenesis. By contrast, Treg cells are a T cell subset functioning to suppress autoreactive lymphocytes. The imbalance between Th17 cells and Treg cells has been identified as a crucial event in the pathogenesis of RA (16, 17) .
According to previous reports, RA affects ~1% of the adult population in developed countries (18, 19) . Treatment for RA has been categorized into the use of disease-modifying anti-rheumatic drugs (DMARDs) and non-steroidal anti-inflammatory drugs (NSAIDs). Traditional NSAIDs, including ibuprofen and diclofenac, inhibit cyclooxygenase (COX) I and COX II (20) . They reduce pain and swelling in RA, enhance recovery, and promote mobility and physical activity. However, NSAIDs do not slow the progression of the disease and may have adverse effects (21) . The use of NSAIDs is associated with cardiovascular risk factors due to their effect in increasing systolic blood pressure, particularly in high-risk patients with diabetes, hypertension or heart disease (22, 23) . Conventional DMARDs are immunosuppressive agents, of which methotrexate (MTX) is the most commonly used, and remain the cornerstone of RA treatment. In previous years, treatment strategies and the use of DMARDs have changed. DMARDs retard or halt disease progression, or delay disease onset; 'tight control' and 'treat-to-target' are the presently used paradigms (24) . However, DMARDS do not suppress the progression of clinical disability (25, 26) . Novel therapeutic approaches are required to identify a therapeutic target for remission or low disease activity, which can reduce the inflammatory and autoimmune components in RA, promote restoration of immune tolerance, slow cartilage destruction and reduce the treatment time for RA (27) .
Oxymatrine (OMT), a type of monosomic alkaloid extracted from the dried roots of the traditional Chinese herb, Sophora flavescens Ait. (Kushen) or Sophora alopecuroides (Kudouzi), has a tetracyclic quinolizine structure, its molecular formula is C 15 H 24 N 2 O. OMT possesses potent anti-inflammatory, immunoregulatory, antivirus, anticancer, antifibrotic and cardiovascular-protective activities (28) (29) (30) (31) (32) . Previously, OMT studies have focused predominantly on its therapeutic effect against other inflammatory diseases, certain types of tumor and hepatitis (33) (34) (35) . There have been few reports on the effect of OMT on autoimmune diseases, including RA. The aim of the present study was to evaluate the effect and mechanism of OMT treatment on RA. Half lethal dose (LD 50 ) assay. The LD 50 of OMT was measured using a sequential method with five dose levels according to body weight, with a single i.p. injection. The mortality rates of the rats were monitored during the 14 days follow treatment.
Materials and methods

Drugs
Induction of collagen-induced arthritis (CIA) and OMT treatment. The Male SD rats [Permit no. SCXK (Ning) 2011-0001] were randomly divided into six groups (10 rats/group) prior to the onset of arthritis: Normal control group, positive control group treated with dexamethasone (DXM; 2 mg/kg, twice a week), CIA model group, OMT high-dose group (100 mg/kg, once daily), middle-dose group (50 mg/kg, once daily) and low-dose group (25 mg/kg, once daily). The 50 male SD rats, excluding those in the normal control group (10 rats) were administered with a subcutaneous injection of 0.1 ml bovine type II collagen emulsified in complete Freund's adjuvant (1:1, v/v) into the right hind metatarsal footpad. After 1 week, the rats were administered with a booster subcutaneous injection of 0.1 ml bovine CII in incomplete Freund's adjuvant (1:1, v/v) into the left hind metatarsal footpad. The control rats were treated in the same manner but without the CII antigen. Between days 1 and 35 following the second immunization, the rats in the OMT-treated group were administered with OMT at concentrations of 100, 50 or 25 mg/kg i.p. The rats in the control group and the CIA model group were administered with 100 mg/kg saline i.p., and DXM (2 mg/kg) was used as a reference drug, administered (i.p.) at the same time. The gradual onset of arthritis usually starts ~10 days following primary immunization. Arthritis score. The SD rats were assessed every 4 days for the progression of CIA between days 1 and 35 following secondary immunization. Each paw was examined and graded for severity of erythema, swelling and scleroma, and the four scores were combined, resulting in a maximum possible score of 16 per mouse; the maximum arthritic score per rat was set at 8 (4 points for two hindpaws). The score was calculated using a five-point scale: 0, no signs of arthritis; 1, signs involving the ankle/wrist; 2, signs involving the ankle+tarsal of the hindpaw and/or wrist+carpals of the forepaw; 3, signs extending to the metatarsals or metacarpals; 4, severe disease involving the entire hindpaw or forepaw. The examination was performed by two independent observers who remained blinded to the treatment groups.
Histological analysis of knee joints. The SD rats were sacrificed via anesthesia and serum was collected on day 35 following second immunization. The knee joints were dissected, fixed in 4% paraformaldehyde solution for 24 h, decalcified in 10% ethylene diamine tetraacetate for 30 days, with the solution renewed once a week, and then embedded in paraffin. Standard frontal sections of 3 µm were prepared and stained with hematoxylin and eosin (H&E). The synovial tissue sections were observed using light microscopy (CX23; Olympus Corporation, Tokyo, Japan) and evaluated in a blinded-manner.
Measurement of serum levels of IL-17A and TNF-α.
The serum levels of IL-17A and TNF-α were quantified using ELISA according to the manufacturer's protocol (Abcam). For measurements of IL-17A and TNF-α, the SD rats were anesthetized on the final day of the experiment and serum was drawn from the heart. The reaction product was quantified using a microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA) at 450 nm. All samples were analyzed in duplicates using the average optical density values to calculate concentrations.
Spleen lymphocyte preparation. The spleens were removed immediately following sacrifice and placed in PBS. The spleens were then mechanically disrupted through a wire mesh strainer with the end of a 10 ml plastic syringe plunger. The spleen lymphocytes preparations were filtered through lens tissue to remove debris and the cells were collected by centrifugation (at 500 x g for 5 min at 4˚C). Finally, the cells were resuspended, dispersed in trypsin and counted using a hemocytometer.
RNA extraction and RT-qPCR analysis. Total RNA was extracted from the spleen lymphocytes using TRIzol. The purity and concentration of RNA was determined using spectrophotometry at 260 and 280 nm. Complementary DNA was synthesized using a reverse transcription kit. The RT-qPCR mixture was denatured at 95˚C for 2 min followed by 50 cycles of amplification including denaturing at 95˚C for 15 sec, annealing at 60˚C for 15 sec and extension at 72˚C for 45 sec. The total reaction volume was 20 µl with 3 µl cDNA, 10 µl ROX qPCR Master (2X), 0.5 µl primers individually and 6 µl ddH 2 O. The primers used for the RT-qPCR were as follows: RORγt, sense 5'-TCT GGA AGC TGT GGG ATA GA-3' and antisense 5'-GAG-GAG CCT GTG GAG AAA TAC-3'; FOXP3, sense 5'-GGC CCT TCT CCA GGA CAG A-3' and antisense 5'-GCT GAT CAT GGC TGG GTT GT-3'; β-actin, sense 5'-CCT CAT GCC ATC CTG CGT CT-3' and antisense 5'-GCC ACA AGG ATT CCA TAC CCA-3'. Relative gene expression levels were determined as described previously (37) . The results were normalized to the expression of the housekeeping gene, β-actin. Data shown are representative of three independent experiments. Data analysis was performed using the 2 -∆∆Cq method (38) .
Western blot analysis. Spleen lymphocytes were washed with PBS three times and lysed with RIPA buffer. The protein concentration was determined using a BCA kit according to the manufacturer's protocol. Protein (20 µg) was separated by 10% SDS-PAGE and then transferred onto a PVDF membrane. The membranes were blocked with 5% dried milk and incubated with primary antibody against FOXP3 (1:1,000) and RORγt (1:2,000) in TBST overnight at 4˚C. Following rinsing in milk-TBST, the blots were incubated with horseradish peroxidase-conjugated secondary antibody at room temperature for 1 h. The expression levels of FOXP3 and RORγt were detected using the ECL detection system and X-ray films.
Statistical analyses. Data are presented as the mean ± standard deviation. Data were analyzed using Student's t-test and one-way analysis of variance. Statistical significance in the comparison of means of different groups was calculated using LSD-t analyses with SPSS version 13.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference between data sets.
Results
Toxicity of OMT.
To evaluate the toxicity of the i.p. injection of OMT, the present study determined its LD 50 in rats. The LD 50 of OMT was 898.22 mg/kg (95% confidence interval, 832.46-963.98).
OMT attenuates collagen-induced arthritis in SD rats.
There was a significant increase in hindpaw volumes in all CIA groups, compared with those in the normal control group. Hindpaw swelling involved tarsal, distal with ankle and interphalangeal inflammation. The onset of arthritis was induced in all immunized rats in 24 h. The first manifestation of CIA was erythema of one or more ankle joints, followed by involvement of the metatarsal and interphalangeal joints. The development of erythema reached a peak on day 9, following which there was a mild decrease in the signs of inflammation between days 10 and 16. However, on days 17-18, hindpaw swelling was followed by the rapid reappearance of inflammation. The rats treated with 100 and 50 mg/kg OMT showed significant reduction in paw edema volume, compared with that in the model group. Treatment with OMT (100, 50 and 25 mg/kg/day, days 8-35) relieved the right hindpaw swelling and inhibited the progression of polyarthritis between days 18 and 24 following secondary immunization (Fig. 1) . The same efficacy of DXM (2 mg/kg, twice/week, ig, days 8-35) were observed.
To examine the effects of OMT on arthritic progression in rats with CIA, the development of arthritis was evaluated by scoring the clinical disease activity daily following secondary immunization. The arthritic scores reached a peak on day 25. The OMT-treated groups had significantly decreased arthritic scores, compared with the model group between days 17 and 41. The same efficacy of DXM (2 mg/kg) was observed (Fig. 2) .
OMT reduces synovial inflammation and inflammatory articular destruction in SD rats with CIA. To investigate the inhibitory effects of OMT on arthritic activity in rats with CIA, histopathological assessment of the knee joints was performed using H&E staining. Compared with the normal group (Fig. 3A) , the knee joints of the model group rats revealed marked synovial hyperplasia and inflammatory cell infiltration into the joint capacity (Fig. 3B) . The data of the DXM group showed a prominent reduction in synovial hyperplasia and inflammatory cell infiltration, compared with the model group (Fig. 3C) . The CIA rats treated with 100 or 50 mg/kg OMT had lower levels of inflammatory cells infiltration, well-preserved joint spaces and minimal synovia hyperplasia (Fig. 3D-F) . These results suggested that OMT inhibited synovial inflammation and inflammatory articular destruction at the knee joints in rats with CIA.
OMT suppresses inflammatory cytokine production. It is known that numerous cytokines are fundamental to the processes causing inflammation, articular destruction and the co-morbidities associated with RA in the joints of patients with RA. To investigate the mechanisms mediating the decreased severity of CIA following OMT treatment, the present study evaluated the effect of OMT on the production of mediators of inflammation, which decreased the incidence and severity of CIA. The levels of TNF-α and IL-17A inflammatory cytokines in the serum drawn from the heart of CIA rats were measured using ELISA kits. The concentrations of total TNF-α and IL-17A in the serum of the CIA model group were significantly higher compared with the normal group (P<0.05), whereas OMT (100, 50 and 25 mg/kg) treatment of CIA rats markedly reduced the production of TNF-α and IL-17A inflammatory cytokines in the serum of the CIA rats ( Fig. 4A and B) . In addition, dose of 100 mg/kg OMT significantly inhibited the production of TNF-α and IL-17A, compared with a dose of 25 mg/kg (P<0.05). The inhibitory effect on TNF-α and IL-17A levels in the serum of the CIA rats was higher in the OMT-treated groups, compared with those in the DXM-treated group (P<0.05). These data suggested that the administration of OMT may deactivate the inflammatory response of infiltrating and proliferating synovial cells in a dose-dependent manner.
OMT increases the expression of FOXP3 and decreases the expression of RORγt in rat splenocytes. Total RNA was isolated from the spleen lymphocyte cells of either the OMT-treated CIA rats or CIA model rats, and the mRNA expression of Treg and Th17 cell-associated markers were examined using RT-qPCR analysis. The results showed that the mRNA level of FOXP3, a Treg cell-related molecule, was significantly upregulated in the spleen lymphocyte cells of the OMT-treated rats (Fig. 5A) . By contrast, the mRNA level of the Th17 cell-associated molecule, RORγt, was decreased in the OMT-treated CIA rats (Fig. 5B) . The results of the western blot analysis also demonstrated that OMT treatment significantly suppressed the protein level of RORγt and significantly increased that of FOXP3 in the rats' spleen lymphocytes (Fig. 6A-C) . Thus, the administration of OMT in SD rats may ameliorate CIA by regulating the imbalance between Treg cells and Th17 cells.
Discussion
RA is an autoimmune disease, which can cause chronic joint inflammation and disability (39) . The common treatment of such diseases is typically with immunosuppressants, which inhibit the immune response. However, the long-term use of immunosuppressive medications can have harmful side effects (40, 41) . Therefore, novel drugs with high efficacy and low toxicity are urgently required. OMT is an alkaloid obtained from the traditional Chinese medicine, Sophora flavescens Ait, which has been reported to benefit patients suffering from inflammatory diseases, cancer and chronic hepatitis B (42) . However, mechanistic evidence of the effect of OMT on the immune-inflammatory response in RA remains limited. In the present study, the potential therapeutic function of OMT in the CIA animal model was investigated. Paw swelling and arthritic scores are indices for measuring the anti-arthritic activity of various drugs, and were used in the present study to determine the activity of OMT at concentrations of 100, 50 and 25 mg/kg/d/i.p. The results showed that rats in the OMT-administered groups had a significant reduction in paw volume and marked decrease in arthritic scores, compared with those in the CIA model group. In addition, histopathologic assessment of the joints of the OMT-treated rats revealed that OMT reduced synovial inflammation and inflammatory articular destruction, and ameliorated symptoms in the affected knee joint.
The most meaningful observation of the present study was that OMT inhibited the level of IL-17A induced by the inflammatory response, and upregulated Treg cells. It has been reported that the balance between Th17 and Treg cells has a significant role in the induction and progression of RA (43) . Th17 cells, a novel CD4 + Th cell subtype, produce cytokine profiles, including IL-17, IL-21, IL-22, IL-6 and TNF-α. The IL-17 cytokine family includes six members: IL-17A, B, C, D, E (IL-25) and F (44, 45) . It is well-documented that IL-17A is vital in the additive/synergistic effects induced with TNF-α and IL-1, two key pro-inflammatory cytokines in destructive arthritis, whereas Treg cells expressing FOXP3 possess anti-inflammatory activity (5-47). The significant suppression of pro-inflammatory cytokines, including IL-17A and TNF-α, was examined in the spleen of OMT-treated CIA rats. As the reduction in the expression of IL-17 and Th17 cells, and the upregulation of Treg cells are significant properties in inhibiting inflammation, the results of the present study revealed that OMT possessed an anti-inflammatory function in autoimmune arthritis. RORγt, lineage-specific transcription factors are essential for Th17 cell differentiation and the expression of IL-17. Thus, the inhibition of Th17 differentiation is therapeutically valuable, with suppression of differentiation and reduced production of Th17-associated pro-inflammatory cytokines. OMT markedly increased the expression of FOXP3 and suppressed the expression of RORγt in the rat splenocytes.
In previous years, substantial evidence has supported that an imbalance between Treg and Th17 cells is crucial in the immunopathogenesis of RA (48, 49) . The differentiation of Th17 cells was induced by the activation of signal transducer and activator of transcription (STAT)3, however, the activation of STAT5 promoted the expression of FOXP3 in Treg cells (50) . It has been reported that the transcription of IL-17 is regulated by the competitive binding of phosphorylated (p)STAT3 and pSTAT5 (51) . Thus, pSTAT5 is a critical transcriptional factor for FOXP3 in regulating the differentiation of Treg cells. In the present study, OMT treatment enhanced the differentiation of Treg cells and inhibited Th17 cells. Information on the control of Th17 and Treg cells by OMT is limited. The results of the present study showed the possibility of OMT regulating the Treg/Th17 balance, which appears to be caused by the downregulation of T cell transcriptional regulators, including RORγt, and the upregulation of FOXP3. Therefore, further investigations are required to clarify the effects of OMT on modulating Janus kinase-STAT signaling.
In conclusion, the present study investigated OMT as an immunomodulatory agent, involved in attenuating the inflammatory response at multiple levels, and suppressing synovial inflammation and cartilage destruction in CIA rats. These results assist in further elucidating the pathogenesis of immune-mediated inflammatory diseases, including RA. In addition, OMT may be a potent strategy for the treatment or prevention of RA.
